Pseudosarcomatous soft tissue lesions are potential pitfalls to both clinicians and pathologists due to their clinical presentation, resemblances to malignant lesions and their rarity. They also have a wide range of differential diagnosis histologically due to their relatively non-specific morphology and natural history of evolving features. The difficulty can be exacerbated by samples obtained from curettings or small biopsies as the architecture of the lesion is very helpful in pointing to the correct diagnosis. Familiarity with these entities is needed to avoid misdiagnosis and unnecessarily radical surgery. Despite recent advances in immunohistochemistry and genetic studies, their diagnosis still rest primarily on a combination of clinical history, radiological findings and histologic morphology.
InTRoducTIon
The lesions discussed are rapidly growing and tender, which tend to cause worry to both the patients and doctors. They present in different age groups, and most have postulated aetiologies related to trauma and are considered to be benign reactive or reparative phenomena generally. Despite the histologic features of mitotic activity, occasional cytologic atypia and increased cellularity, they rarely recur and never metastasise. Hence a correct diagnosis is essential to prevent unnecessarily radical surgery and treatment. However, small biopsies or cytology specimens, without the characteristic zonation pattern highly suggestive of some of these lesions or lacking immunohistochemistry studies, present further difficulties in precise diagnosis. Genetic studies are not routinely helpful in diagnosis. Nodular fasciitis is the commonest lesion discussed. The remaining lesions are rare.
These lesions have in common cells that exhibit different levels of myofibroblastic differentiation, either from morphology, immunohistochemistry or ultrastructure. Myofibroblasts in wound healing (granulation tissue) play an important role in producing local contraction of matrix, with the contractility coming from the myofilament bundles. They are also important in inflammation and fibrosis. Ultrastructurally, their characteristic features include prominent rough endoplasmic reticulum, peripheral myofilaments and the fibronectin fibrils of the fibronexus junctions.
noduLAR fAScIITIS
It is a mass-forming fibrous proliferation that usually occurs in the subcutaneous tissue. It is composed of plump but uniform fibroblastic/ myofibroblastic cells and typically displays a loose or tissue culture-like growth pattern 1 . Other synonyms include infiltrative fasciitis and pseudosarcomatous fasciitis. This is a relatively common condition and it is characterised by rapid growth, which can be alarming, suggesting an aggressive tumour. It is usually solitary, and approximately half of the patients present with pain or tenderness. Most lesions are believed to regress spontaneously even without surgery. Although widely thought of to be a reaction to local injury, only approximately 10% of patients report a history of preceding trauma. A few genetic studies have suggested that this lesion may be a benign neoplasm, rather than just a purely reactive phenomenon. Gene expression arrays have shown that the proliferating cells produce many molecules involved in cytokine signalling and inflammation.
Patients who present with this lesion range from infants to elderly but the majority are within the 3rd to 6th decades of life. There is no sex predilection. Any part of the body can be involved, but the upper extremity, trunk and head and neck are the locations most commonly affected. There are case reports of nodular fasciitis occurring in the male breast as well as in intra-articular locations 2,3 . Most of the lesions are in the subcutis. Uncommonly, they may also be in the dermis, deep fascia or skeletal muscle.
Many variants are reported, and they include cranial fasciitis, intravascular fasciitis and intra-articular fasciitis. Cranial fasciitis is rare. It usually involves the outer table of the skull and contiguous soft tissue of the scalp, with possible downward erosion through the inner table into the meninges. Rarely, it may arise from the dura and be exclusively intracranial. This lesion usually occurs in infants.
Those in intra-articular locations are usually in the knees of young adults 3 . Only 1 patient of the 10 in a series reported prior trauma 3 . Patients often present with joint pain after a relatively long symptomatic interval. Clinically it is often thought to be synovial chondromatosis or a tenosynovial giant cell tumour. It usually evolves relatively rapidly and then stabilises.
Uncommonly, nodular fasciitis may be found within a blood vessel (intravascular fasciitis) and in the oral cavity.
Gross findings
Nodular fasciitis is an unencapsulated but wellcircumscribed and nodular mass that is usually less than three cm in size, although they may be larger. However, lesions greater than 5 centimetres should prompt consideration of other diagnoses. The appearance of the cut surface depends on the age of the lesion, and hence the content of mucopolysaccharides and collagen. It may be soft and gelatinous when the lesion is in its early stage. When it is an older lesion, it can be firm and leathery due to increased fibrosis. Occasionally central cystic change is present. A haemorrhagic appearance is rare. Those at the deep fascia are usually poorly circumscribed and can appear to infiltrate the surrounding soft tissue
Histology
The lesion is relatively well-circumscribed. However, under high power, there may be peripheral extension between the adipose tissue in the subcutis and the muscle cells in the intramuscular location.
Nodular fasciitis can be richly cellular. It bears a close resemblance to granulation tissue. There are pump and immature-appearing fibroblasts that are randomly arranged in irregular short fascicles. The cells can vary in size and shape, with some appearing spindled and others more stellate. The difference in appearances of the lesional cells is however not marked. Nuclei are usually oval and pale. Discrete nucleoli can be discerned. Although many mitoses may be found in this lesion, none of the mitoses are atypical. Moreover, nuclear atypia and necrosis is absent
The lesion is also well-vascularised, with the vessels having thin walls and plump endothelial cells. The vessels can be arranged in a radial fashion.
Chronic inflammatory cells are usually sparse, and are largely lymphocytes, with occasional foamy histiocytes and multinucleated osteoclast-type giant cells. Extravasated erythrocytes are common.
At the early stage, the lesions are more loose and myxoid. Older lesions are more likely to have hyaline fibrosis, tissue shrinkage and formation of minute fluid-filled spaces or microcysts. There is decreasing mucopolysaccharides and mitoses, with increasing collagen. The collagen may become glassy, with an appearance like keloid. Occasionally the microcysts fuse and form a large centrally located cystic space (cystic nodular fasciitis).
Several variants have been reported in the literature. They include an intradermal variant, which is very rare. It arises in the dermis, with focal extensions into the subcutis. There is also an intramuscular form which contains residual atrophic muscle fibres and muscle giant cells.
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The fascial type has cells that are arranged in a radial fashion around a central, poorly cellular and oedematous area containing a mixture of mucoid material and fibrin. In ossifying fasciitis, osseous metaplasia is present. Intravascular fasciitis, another rare occurrence, exhibits involvement of small or medium sized veins or arteries. It occurs usually in young patients and presents as a slowgrowing, painless and solitary subcutaneous mass usually 2 cm or lesser in size. In cranial fasciitis, there is a rapidly growing myofibroblastic proliferation that usually presents in infants during the first year of life, involving the soft tissues of scalp and underlying skull. It can erode and penetrate the outer and inner tables of the skull, which may cause a mistaken interpretation of a sarcoma. This lesion is commonly associated with birth trauma and is believed to arise from the galea aponeurotica.
Stromal hyalinization and adjacent haemosiderin deposition is more common in intra-articular nodular fasciitis, possibly due to the frictional trauma in this location 3 .
ultrastructure Typical features of myofibroblasts are present, which are non-specific and commonly noted in many mesenchymal lesions.
Genetic Studies
Most studies show diploidy, which is in keeping with the benign nature of nodular fasciitis. One study of 5 cases with analysis of nuclear DNA content by using DNA histograms showed a diploid pattern in all cases 4 . One study showed no clonality in 24 cases of nodular fasciitis from female patients 5 .
However, a few studies have shown clonal aberrations which suggest that nodular fasciitis may be a benign neoplasm. Clonal rearrangement of 15p11.2, 16p11.2, and 16p13.3 has been reported 6 . Clonal chromosome aberrations including a reciprocal t(3;15)(q21;q22) and interstitial deletion (13)(q14q21) has also been published 7, 8 .
There are also a few documented cases of genetic alterations. One study with 5 cases found 1 case which exhibit genetic aberrations 9 .
Immunohistochemistry
There is a characteristic immunohistochemical profile typical for myofibroblasts. The lesional cells are positive for smooth-muscle and muscle-specific actins, vimentin, and KP1 (a histiocyte marker), indicating dual myofibroblastic and histiocytic differentiation. None of the lesions expressed keratin, S-100, or desmin.
The cells of nodular fasciitis are usually negative for β-catenin. However, caution is needed as a case series of 7 cases of cranial fasciitis demonstrated cytoplasmic staining of β-catenin in 3 cases and nuclear staining in the remaining 4 10 . The lesional cells are also usually negative for H-caldesmon, which is helpful in distinguishing nodular fasciitis from smooth muscle tumours, which consistently expresses this marker.
cytology
The aspiration is usually rich in cells, with a myxoid background when in the active phase. There are plump spindle to stellate cells with active nuclei and prominent nucleoli. There can be mild pleomorphism. And some nuclei can appear kidneyshaped. Binucleation or even multi-nucleation can be present. The chromatin is bland and this is important in pointing to benignity. Mitoses are frequent, but are never atypical.
Some chronic inflammation and few macrophages may be seen. However plasma cells are few or absent and neutrophils are few. Siderophages are likewise sparse.
With resolution and increasing age of the lesion, there is diminishing cellularity and the myofibroblasts which are plump give way to slender fibroblasts which have less cytoplasm and inconspicuous nucleoli.
The 2 most important differentials in cytology are fibromatosis and sarcomas, both which are deep to the subcutis, unlike most cases of nodular fasciitis. Cells from nodular fasciitis do not have significant cytologic atypia like marked pleomorphism, hyperchromasia or atypical mitoses, all features that will strongly suggest malignancy. Other differential diagnosis include fibrous histiocytoma, which have more densely cellular fascicles and other elements like chronic inflammation, lipophages, siderophages and Touton giant cells. In inflammatory myofibroblastic tumours, there is a more marked inflammatory component composed of plasma cells.
Like histology, clinical presentation and anatomical sites are important clues to point to the correct diagnosis 11 .
Radiology
Radiographs are typically normal or they exhibit a non-specific soft tissue mass. On a 3-phase bone scan, increased tracer accumulation is absent. Arteriography shows a markedly hypovascular lesion. Sonography would reveal a non-specific hypoechoic mass. The lesions may either be ill-defined or well-defined on CT (computer tomography). Intramuscular lesions are usually less well-defined compared to subcutaneous lesions. There are also relatively decreased CT tissue attenuation coefficients in the intramuscular lesions, possibly due to the myxoid character of the lesions. Soft tissue calcification and ossification are rarely present.
On T1-weighted MR (magnetic resonance) images, the signal intensity is similar or slightly higher than that of striated muscle. On T2-weighted MR images, there is usually high signal intensity, more than that of subcutaneous adipose tissue. Nodular fasciitis appears more homogeneous on short TR images and heterogeneous on T2-weighted sequences.
Imaging of cranial fasciitis can show lytic destruction of the calvarium. CT and MR imaging can show a heterogeneous mass with subgaleal and bone involvement. It can have similar attenuation to that of muscle on CT, and intermediate signal intensity on T1-weighted and intermediate-to-high signal intensity on T2-weighted MR images. The inner table of the calvarium can also be invaded by this particular variant 12 .
Treatment
Marginal excision is curative. Recurrences are extremely rare and are treated by simple reexcision. As recurrences are so rare, a few authors recommend that the original diagnosis be reviewed if they occur. Also, seriously reconsider nodular fasciitis as a diagnosis if the lesion is large or deep.
differential diagnosis
The highly proliferative nature of the lesion can be alarming. However the small size and superficial location of nodular fasciitis is unlike the sarcomas which are more likely to be larger and deeply situated. Judicious use of immunohistochemistry, with poor or non-reactivity of S100, desmin, H-caldesmon and CD34, is helpful in excluding lesions such as melanomas and nerve sheath tumours, smooth muscle tumours and dermatofibrosarcoma protuberans respectively. Nodular fasciitis is also usually not reactive for beta-catenin and cytokeratin, helping to rule out fibromatoses and spindle cell carcinoma.
The differential diagnosis is wide and depends on the age of the lesion. Earlier lesions, with a more myxoid appearance, can be mistaken for myxomas, myxofibrosarcoma, malignant peripheral nerve sheath tumour and myxoid dermatofibrosarcoma protuberans.
At its more cellular phase without the myxoid background, consideration needs to be given to fibrous histiocytoma, cellular schwannoma, fibrosarcoma, leiomyosarcoma, spindle cell carcinoma and spindle cell melanoma. Sarcomas usually are deep to the subcutis, and have cells that are arranged in a more organized pattern. The absence of well-developed thick-walled vasculature, nuclear atypia or hyperchromasia and the presence of microcysts are other extremely helpful features. Fibrosarcomas tend to have a more herringbone pattern and is more cellular. It also has less inflammation and less mucinous stroma.
At its fibrotic phase, the lesions that need to be considered include superficial fibromatosis, desmoid-type fibromatoses and neurofibroma. Fibromatosis is usually in deep soft tissue, and is infiltrative and large. Excision biopsies that include the edges of the lesion are hence much more useful for evaluation. The spindled cells in fibromatosis are also arranged in broad sweeping fascicles, unlike nodular fasciitis. They also express β-catenin. Dermatofibrosarcoma protuberans usually has a more storiform pattern and is CD34 positive.
PRoLIfeRATIve fAScIITIS And MyoSITIS
These lesions are defined as a mass-forming subcutaneous proliferation characterised by large ganglion-like cells in addition to plump fibroblastic /myofibroblastic cells similar to those seen in nodular fasciitis 1 .
Proliferative fasciitis and myositis are lesions that involve the fascia and striated muscle respectively.
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Genetics
Consistent with a benign lesion, DNA flow cytometry studies of proliferative fasciitis/myositis show a diploid pattern 14, 15 .
Immunohistochemistry
The spindle-shaped cells are positive for actin, and are negative for desmin, ruling out tumours of smooth or striated muscle origin. The ganglionlike cells are negative for neural markers. Some of the ganglion-like cells are reactive for CD68 and vimentin. Occasionally they can be highlighted by actin.
cytology
The diagnosis of this lesion has been reported, but caution is advised when using cytology due to the unusual features that can be present 16 . The features present can resemble nodular fasciitis, but myxoid substances are uncommon and ganglion cell-like cells can be numerous with conspicuous nucleoli as mentioned in the description on the histology of these lesions. The ganglion-like cells can cause confusion with rhabdomyosarcoma and ganglioneuroblastoma. Cellular atypia can be marked, and can prompt advice for excision for further evaluation.
Radiology
These masses are often ill-defined on CT or MRI, suggesting an inflammatory process 12 .
Treatment
Marginal excision is generally curative. Recurrence is rare and they do not metastasise.
differential diagnosis
Due to the presence of the ganglion-like cells with the abundant cytoplasm that can appear basophilic to amphophilic, there can be a mistaken impression of rhabdomyosarcoma or ganglioneuroblastoma. However both rhabdomyosarcoma and ganglioneuroblastoma are rare in adults. The ganglion-like cells in the proliferative myositis/fasciitis are negative for desmin, myoglobin and myogenin, whereas the neoplastic cells in rhabdomyosarcoma are reactive for them. Also the ganglion-like cells do not have cross-striations, which can be present in the tumour cells in rhabdomyosarcoma. In ganglioneuroblastoma, there is a fibrillary background and the true ganglion cells are negative for actin. Another differential diagnosis patients compared to nodular fasciitis with an average age of 50 years old. They are uncommon in children. They usually occur in the upper or lower extremities, with proliferative fasciitis occurring especially at forearms and thighs. Proliferative myositis commonly occurs in shoulder girdles, especially in males.
Clinically they typically have a rapid growth. Both may be painful and tender, proliferative fasciitis more so than proliferative myositis. There may be an antecedent history of trauma.
Gross findings
These lesions are usually solitary and mobile, measuring 1 to 7 cm in size. Otherwise, the gross appearance is non-specific. They are poorly demarcated, with gray-tan firm tissue that extends along pre-existing fibrous septa or fascial planes and which may replace portions of musculature.
Histology
The edge of the lesion can appear infiltrative. There is a mixture of proliferating cells with both spindle and stellate fibroblasts like those in nodular fasciitis. There are also characteristic larger and more polygonal cells that appear like ganglion cells with abundant basophilic cytoplasm, 1 or 2 nuclei and large prominent nucleoli. These nuclei are eccentrically located. Occasionally nuclei are smudged and hyperchromatic.
In proliferative fasciitis, the lesional cells are present in the fibrous septae that divide the subcutaneous adipose tissue. In proliferative myositis, the cells expand the epimysium, perimysium and endomysium, with resultant separation and isolation of atrophic muscle fibres. The tumour cells and the skeletal muscle fibres can alternate with each other, giving a "checkerboard" appearance.
ultrastructure
The features are that of fibroblasts and myofibroblasts, like that of nodular fasciitis. The ganglion-like cells have much dilated rough endoplasmic reticulum. Neuronal characteristics in them are absent. These cells were found to contain numerous well formed filaments. Such filaments have occasionally been seen in a variety of tumour cells of non-myogenic origin. The origin of these giant cells in proliferative myositis still appears unresolved by electron microscopy 13 .
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IScHAeMIc fAScIITIS
It is defined as a pseudosarcomatous fibroblastic proliferation typically occurring over bony prominences, usually in immobilized patients 1 . It is also known as atypical decubital fibroplasia. It may be considered a variant of proliferative myositis.
Ischaemic fasciitis is rare and is found usually in the elderly that are debilitated or bedridden [17] [18] [19] . They are usually present over a bony prominence, in areas where the subcutaneous tissue is closely related to the bone, in patients with prolonged immobilization or trauma at that site. They are usually in the subcutis, although it may extend into the overlying dermis, with epidermal ulceration. The lesion can even involve the underlying striated muscle or the adjacent periosteum. Most present with a painless mass of short duration, usually of less than six months. Soft tissues from the shoulders are most commonly affected. Other areas commonly reported include soft tissues over the ribs, the sacro-coccygeal region or the greater trochanter.
It is postulated that this lesion arises due to ischaemia induced from pressure from prolonged immobilisation with resultant tissue breakdown and regenerative changes.
Gross findings
Grossly, the lesion appears as an ill-defined erythematous tan-white mass, which can measure from 1 to 8 cm in size. It is vaguely multinodular, often with a myxoid cut-surface.
Histology
Histology shows a multilobular lesion with zonal variations. The subcutaneous tissue is replaced by necrotic and granulation tissue. There are central stellate or serpiginous areas of fibrinoid and coagulative necrosis and fibrin thrombi in a prominent myxoid stroma. These areas are rimmed by vascular proliferation at the edges, with lobules of dilated capillaries which are lined by plump endothelial cells. These peripheral vessels are small, ectatic and thin-walled. The vessels may be thrombosed or hyalinised. This zone is then further surrounded by tissue resembling nodular and proliferative fasciitis. Plump fibroblasts/myofibroblasts would form perivascular clusters or merge with the peripheral blood vessels. These cells can have large eccentric and smudgy nuclei that are hyperchromatic. Nucleoli are prominent and there is much basophilic cytoplasm. Mitoses can be numerous, but like the lesions described earlier, never atypical.
Immunohistochemistry
The fibroblast-like cells are focally reactive for both actin and CD68. Some enlarged bizarre fibroblastic cells can also express CD34, suggestive of endothelial differentiation. The lesional cells are negative for desmin and S100.
Radiology
There is a poorly circumscribed replacement of the subcutaneous fat with intermediate signal intensity on T1-weighted images. On T2-weighted images, there is high signal intensity with the inflammation suggested by the peripheral oedema. There is often a peripheral rind of enhancement in images after intravenous contrast. The non-enhancing central region represents the necrosis noted in histology 12 .
Treatment
Most patients are cured by local and conservative excision, although rare local recurrences have been described. The recurrences are probably due to the persistence of the underlying cause, not due to the possible local aggression of this lesion.
differential diagnosis
Epithelioid sarcomas may be considered due to the central necrosis and multinodular appearance. However epithelioid sarcomas usually present in the distal extremities of young patients, and the lesional cells have prominent cytoplasmic eosinophilia and strong cytokeratin staining. Myxoid liposarcomas can be excluded due to the absence of organized plexiform or "chicken wire" vascular pattern and lipoblasts in ischaemic fasciitis. It is important not to mistake multivacuolated muciphages for lipoblasts. Myxoid malignant fibrous histiocytoma also need to be excluded. It lacks the zonation of ischaemic fasciitis, as well as the degenerative and reactive features like smudgy chromatin, fat necrosis, haemosiderin deposition and fibrin thrombi.
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Histology
Histologically, at the earliest stage, it is at the most cellular with a tissue-culture like appearance, like nodular fasciitis or loose granulation tissue. After approximately 3 weeks there is morphologic zonation, with the centre having fibroblasts, abundant mucopolysaccharides and delicate collagen fibres. This central zone, which can exhibit mild pleomorphism and conspicuous mitotic activity, merges with an intermediate zone with osteoblasts and ill-defined trabeculae of woven bone. At the peripheral zone, the bony trabeculae undergoes remodeling and mineralization and resembles cancellous bone. The zonation is very helpful in the diagnosis. Hence curettings, which result in a fragmented specimen without apparent zonation may make precise diagnosis difficult.
ultrastructure
Like the above lesions, the lesional cells have features of fibroblasts and myofibroblasts. The bone-forming cells show features of osteoblastic differentiation.
Immunohistochemistry
The spindle cells are reactive for actin, smooth muscle actin and desmin. The osteoblasts and osteocytes in the bony trabeculae are reactive for osteocalcin.
Genetics
Genetic studies are not used routinely for diagnosis. USP6 rearrangements have been found in a small subset of patients with clinical, radiological and histological features of myositis ossificans. USP6 rearrangements have also been found in primary aneurysmal bone cysts. This has led to suggestions that such patients should be classified as having soft tissue aneurysmal bone cysts 22 .
cytology It is a difficult diagnosis in cytology as there is no zonation or osteoid present for guidance. The biopsy may experience a gritty sensation due to the ossification. Similar to nodular fasciitis, the principal cells are reactive myofibroblasts. There is a mixture of proliferating fibroblasts, osteoblast-like cells and multinucleated giant cells of osteoclastic type. Inflammation should be absent to sparse. One must ensure that there is no marked cytologic atypia or atypical mitoses. However atypical spindle cells can also be seen in myositis ossificans and must not be
MyoSITIS oSSIfIcAnS
It has been defined as localised, self-limiting, reparative lesions that are composed of reactive hypercellular fibrous tissue and bone 1 . Synonyms include pseudomalignant osseous tumour of soft tissue, myositis ossificans circumscripta and myositis ossificans traumatica. This lesion is distinguished by the presence of metaplastic bone formation. It is postulated that initiation of the process from trauma or repetitive small mechanical injuries, ischemia or inflammation is followed by proliferation of mesenchymal stem cells. There is then activation of fibroblasts and osteoblasts. It is however not understood why certain reparative processes would favour ossification as compared to a non-ossifying reactive myofibroblastic proliferations that are discussed above. There is even a case report of a patient who had an antiinfluenza vaccination 15 days before the onset of this lesion 20 .
This lesion usually occurs in healthy, active teens or young adults and is noted to arise usually after an episode of trauma. A typical presentation is that of trauma sustained during contact sports, usually at the mid-thigh. There is pain and bruising. Soccer players kicked in the mid-thigh can develop this condition. However, myositis ossificans can also be seen in elderly and even paraplegics.
Myositis ossificans is usually found in the musculature of upper and lower extremities. Uncommonly it can be found in unusual sites, like the subcutis (panniculitis ossificans), mesentery and abdominal cavity 21 . It is termed fasciitis ossificans when it arises in the fascia and florid reactive periostitis when it arises in the periosteum.
At the early stage, it is swollen and painful. Approximately 6 weeks later the lesion is circumscribed and firm. Finally it becomes painless and hard, appearing as a well-demarcated mass 3 to 6 cm in size.
Gross findings
Gross, it appears usually as a well-delineated tan mass with a soft glistening centre and firm gray gritty periphery. Most measure three to 6 cm in size. misdiagnosed as a malignancy 23 . As osteoid is absent, the diagnosis is based on the cytological pattern in combination with the clinical and radiological presentation.
Some have considered that cytology is helpful in excluding malignant diagnosis, and that clinicoradiological correlation and time of evolution of the lesions are important for the correct cytologic diagnosis 24 .
Radiology
The radiologic images are usually diagnostic of this lesion. Initially, there is a slight increase in soft tissue density that may have a blush on angiography. Faint calcification can be detected within 2 to 6 weeks. It usually starts as radiopacities that can be quite faint, irregular and floccular, which has been described as a "dotted veil". Within 6 to 8 weeks, there is a sharply circumscribed osseous mass with a prominent mineralised bony periphery that fades into a radiolucent centre. By 5 to 6 months, a small and mature mass is present. The pattern of peripheral mineralisation is extremely helpful in differentiating this from a diagnosis of osteosarcoma.
Bone technetium-99m diphosphonate scintigraphy shows intense focal tracer accumulation.
The CT and MRI appearance is typically characteristic. Features on MRI vary with the age of the lesion. Early lesions have a high signal intensity on T2-weighted images with oedema. Intermediate lesions usually have a rim of curvilinear decreased signal intensity that corresponds with the peripheral ossification. Late lesions that are mature are well-defined, and are inhomogeneous. Signal intensity is equal to or less than that of fat on all pulse sequences. Enhancement is present in active lesions following gadolinium administration 12 .
Treatment
Myositis ossificans is usually treated with rest, anti-inflammatory treatment and immobilisation. Surgery is considered usually only when the lesion interferes with joint movement. It tends to recur if excised too early and surgeons generally consider excision only after waiting for 6 to 12 months. X-rays are done during the follow-up to ensure that the lesion is benign.
differential diagnosis
Due to the presence of bone formation as well as the relatively similar epidemiology, osteosarcoma needs to be excluded. Important features are the characteristic zonation in myositis ossificans in contrast to the lace-like disorderly growth of osteoid bone formation in osteosarcomas. Also, osteosarcomas have marked cellular atypia, destructive infiltration of adjacent tissue and atypical mitoses. Small biopsies can be difficult to interpret as zonation is usually not present. It is also important to note that the osteoid in boneproducing sarcomas may be very mature. Hence this is an unreliable feature to use in making the diagnosis of myositis ossificans concLuSIon In summary, clinical history, especially the age or lack of mobility of the patient as well as the lesion's size can play a very important role in diagnosis. Other information needed includes the site of the lesion, e.g. whether it is intramuscular or in the subcutis, and also whether it is at the trunk or the extremities. A history of debilitation, injury or trauma, although helpful, is not always present or given. Errors in diagnosis, with a mistaken impression of sarcomas have been reported 25, 26 . Error rates in the interpretation of nodular fasciitis have been reported to be as high as 50% 27 . They have been noted as "problem-prone lesions with a potential for litigation" by prominent soft tissue pathologists 28 . Problems in diagnosing nodular fasciitis arise especially from undue emphasis on the mitotic activity, without noting the absence of nuclear atypia or hyperchromasia. The large size of ischaemic fasciitis, the sheet-like proliferation of ganglion-like cells in proliferative fasciitis or the intravascular growth pattern of intravascular fasciitis can also be potential pitfalls. The reverse is also true, and caution should be exercised in not misinterpreting sarcomas as reactive lesions. Large, deep or recurrent lesions are unlikely to be nodular fasciitis. Degenerate material in sarcomas can appear like nodular fasciitis with a loose background. The osteoid in osteosarcomas can appear mature, hence the maturity of bone is not reliable in making the differentiation between myositis ossificans and osteosarcoma 28 .
Cytology aspirates from these lesions may not show the findings as stated above due to problems in sampling. In the opinion of certain cytologists, cytology should be used as an initial screening test and the specific diagnosis is given on histology. Assessment of cellularity, nuclear atypia, mitotic activity and the presence of any necrosis is used to advise excision for further evaluation and it is enough to attempt to make a distinction from malignancy. Immunohistochemistry in cytology is usually not helpful in differentiating benign from malignant lesions 29 .
